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si^gle voice grade telephone line per terindnal. (CH) ^ \ , 
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ABSTRACT: This report will describe" a low cost coftimuni cations 
network designed for use in the PLATO. IV computer-assisted 
■instruction (CAI) system. In this system over^lOOO remote 
^computer graphic terminals, each requiring a 1200 bps .channel,, 
are to be connected to one centrally located computer. A 

I* • .V- 

'techniaue*will be d'escri-bed for distributing digital data to_ 
these terminals via standard commercial cable television (CATV) 
.eq.ui|)tnent. . The data is .tr^ansmitted in a synchronous time 
division multiplexed mode which is compatible with standard 
*i?'television signals. It will be shown that the communications 
cost of this technique is approximately. 1/10 of the cost, of 
using a single voice grade telephone line per terminal. 



ACKNOWLEDGEMENTS >, 
. • . \\ , \ . ■' ■ 

The authors would like to thank all o'f -the people of the 
Illinois Bell Telephone Company, especially jyir<. Clay ^Emmel a'nd 
H.E. Creighton, who contributed their time and help in this 
project. 'Their cooperation in^'our field cesting. arid evaluation 
studies was sincerely appreciated. J> ^ ' 



DIGITAL DATA TRANSMISSION VIA C:.T'' ' 

1 . 0 Introductio n , ' .r' ' . ' 

This report • describes a digital data 'transmitter and^"*^ 
receiver . designed 'for use in standa^rd CA'^V corr.mun ity-antenna- 
television) s^stems.^- This equipment has been developed for use 
in the communicatrpn networjc of the PLATO IV coirrputer-ass isted 
insLructjion (CAI) system. * • 

• / " 

2 .0 PLATQ IV ^' 0 ^ ' 

. Much •has been written elsewhere- (1,2) descri^irtg PLATt). IV 
and tr.erefore only -a brifef general description will X^e given here, 
in a typical PLATO IV system, approximately 1000 r-emotely 
located com.puter terminals, each requiring an input bandwidth of 
approximately 12Q0 bps, jrust he connected tg one centrally located 
computer.. Most of these tef-minals will be located in classroom 
installations of up to 32 terminals- each. Some of these class- 
rOQiin ins^tal4,ations- will be logated within a few miles of the 
computer site, while others w'j.11 be a few hundred miles, distant. 
In addition to these classroom installations, a limited number , 
of individual remotely ' located t:erminals must also be servici2d. 
^ThuG, a typical PLATO IV system would be configured as shown 
in .Figure 1 . , « ' ' 

The problem is liow to economically distribute digital 

\ ' ' 

data through such a network. ^ 

2.0 CpmnVuni Cation Cost s i • 

Th^ Bell system offors a wic3e variety of * transmis^? ion 
channels and equipment to meet data com.municat ion requirements. 
Si^ngle voice grade channels are available which can easily handle 
data rates of 1200bps, Widehjanl^ servjicc, offering the equivalent^ 
of up to 240 or more voxC:q grade channels is available in a 
singlfe package. • 
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Figure 1. Typical PLATp IV System 



The inter-state tariffs , for leei3i»q. these* v?fice gr£^e 
line;s-*^range from $4 . 50/mi le/mon for a^sihgle channel (type 3^*^02) 
to as low 60C/mile/month channel f.or Series 5000 ''(240chahnels) 
service. (All^ tariirfs quoted should 'T:)e considered approximate.- 
They may vary with geographical locatiph, an individual service 
required) . 



Usvng eyen the lowest cost figure above, the communication 
costs for a system of ' the size of PLATO IV become prohibitive, 
espe-cially over loltg -^distances . A*n attractive alternative does 
exist., hov;.i>ver, through the use of educational television (ETV) 
channels. The prest^r^t tariffs for an . ETV channel* range from 
$J0 to approximately $55/mi le./month or less depending upon the 
number of channels leased and distances involved. At these rates, 
it is apparent that i'f as €ew ^^s 50 to 100 users share an ETV 
channel, the communication costs are compet^ive with the wide- 
band servLce quoted above. • ' 



Thi^ • report will show how a swingle ETV channel can be used 

o 

to sappy 1200bps service to more than 1000 users, resulting in 
per us^r' change for the channel of from *3<; to 5 . 5<;/m.ile/month. - 

Such a channel will be Used to distribute digital dat-a to 
classrooms in the same manner that commercial TV programs . are 
distributed, via CATV, to private homes-. 

4,0 Comp o:4it a Television Signal . " 

Before proceeding with a description of the equipment a 

brief discussion of the composite telavis ion (TV) ^ s ignal is in 
O'rdef • • . . ' 

The composite black and white TV signal ir? assembled from 
three siqnrils. "* These are: ' * ^ 

1. A composite synchronizing signal which^is made upof^two 
parts, horizontal sync signal and a vertictil sync signal 



2. A ^compoi'ite blanki'ng .signal whicb is also composed of 
two parts, a horizontal blanking signal and a vertifcal 
blanking signal. ^ 

{3, A video signal which ''contains the picture information, . * 
This signal is normally used by televisiorf receivers to 
intensity modulate the horizontal scanning lines. In ^ 
. ^ the system described .here the video signal contains the 
digital data . / 
. - ' 

* Details of the FCC standard synchronization signal are* 
shown in Figure 2.0, All times are given relative ^.to H, -the , 
time interval between horizontal sync pulses (H = irj^Q^ 
63.5 sec). The vertical blanl^^ng time ^howi is the minimum allowed 
by FCC stai?idards. 

. *f « 
ft • 

The equalization pulses -and th'te serrating pulse's in 'the 
vertical sync interval are of little value in the system described 
in this report and therefore the reasons for their existence 
will not he discussed here. fMore ddt'ails may be founds irp 
references i and 4.) They must, howeveV, still be generated by 
•the transmitter in order that standard eommorcial equipment may^ 
be usf^d for transmis.^ »,on and rocoption. * 

In the United States televipion system, , there are 10 frames ^ 
transmitted per second, each frame containing 525 , lines.. To 
reduce flicker in the picture, each frame is transmitted as two 
fields of 262^2 lines each at a rate of 60 fields per seconds, 
v/ith the lines of oae field Interlaced betv/een the lines of the 
.other. sThe vertical blSanking interval requires 'up to 21 lines 
leaving. a maximum of 24lVjLij^9 to be used for video. \ 

5^,_^0 JPIATQ Video [{ Da tAL?. i gjl^L 

Because digital information- is binary in nature, only' twa . 
voltage iQvel are required to represent th^ information. In the 
c^yru;em describ<^^d here the whit.e level is chosen 'a!|- logical "one'' j 
and the black lavel as logical "zero". This choice^ levels 
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Figure 2f: FCC Synchroni:'. ing, Signal 



reduces the averago power consumption in any lin.e amplifiers 
present 'in th'e^Be:^ system, be'cause these amplifiers^ consume 
more power at the white level and the PLATO signal contains far 
'more "zeros" than "ones". 

Each horizontal scanning line in the television field which 
carries data is divided into 100 time bins of .OIH seconds each^ 
This choice of bin widtl\ fits within the FCC requirements for 
hori^xpntal bandwidth and also relaxes ^he specif itcatioa on tha 
local oscillator in the receiver to be described later. The 
first 16 bins of each line are used for horizontal synchronzation 
and blanking purposes while each of the remaining 84 bins contains 
a bit of digital information. An example of a -line carrying ^ 
digital data is shown. in Figure 3.0, 

The data rate for the* system is -given by t\te following 
eqiiation.: 

Data rate - SOM^N^ ^.^^ second. 

v;here " N, number of lines par field used to carry data 

N„ - number of bits per line 

In the system described here,^ 240 lines per field, each 
containing 84 bits are used giving a data rate^ of 1.2p96 x 10 
bits per second. . ' ; 

Kach PIJSTO IV terminal oporates on n v/ord aize of 20 
bitfi in' length Ejnd requires, up to 60 v;ords p?r second, or a, 
data rata of 1200 bits psr second. One TV frame can, therefore, 
supply data t,o l^^^f^^-^-^- 1008 terminals. Th6 format of 
they data within a TV frame is r.hown in Figiire 4.0. Each terminal- 
receivea bit i^o£ a data word followed by bit i + 1 etc. -This 
format thus requires -^P" ■■■ 12 TV, lines to transmit one bit of 
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Fiqura 3. Horizontal Scanning Line Containing Digital Data 
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data to' evach terminal. • ' • . 

Figure 5.0 is an actual photo taken from thd standard^v screen 
illustrating the format" of the data^for two terminals. On the 
left, 'terminal l^j is receiving the v;ord O&llOlOll 101101 11001 
froadlng from top tG bottom), while on- the right, terminal 
42 is receiving the word 01111110110111100110. . r 

b . 0 Transmx t: ter • , * * ^ 

Thq transmitter gGrierates the standard televiisifen synchroni- 
?.at ion and blanlcing .siq^ls and co»W:nes these signalq with the 
diqat^al data into a composite signal compatible with FCC standards 
T'ae composite ^signal rs then delivered to the common cafrricr 
supplying the -TV channel ^^f^r RF modulation and, transmission over 
stan*aard* cable .televis'ion (CATV)* equipment. 



' A l^lock diagram of the transmitter is shown in Figure 6.0. 

• ■ . ' ■ ^ \' . ■ • " 

V)r^.- Clock Control circuit contains a 1.575 MHs crystal 
GOi'.Vro I Led oscillator (clock) which drives a divide by ' 50 counter: . 
The outiputs of ths countermand* the clock signals are sent to the 
Pulser citcuit wh^re they are used to genqi'at-© th^ four Dulaes- 
shown in Figure 7.0. • ^. ' 

The V puls^a is used to dri^fo a Divide by 525 countisr^ thq g 

outputs oiVv/hich are interpreted as. the. horizdntal line eqjaj^^^t^^^ 
* • 

wichm a frrimu* (The line counts is shov/n at the top ©f Figure ^2.0.^ 

The Si jna] Composf^r circuit assembles the ebmposite synehronl-- 
2 '^iion ' an-l blanki'ng si^jnals using. the four pulses supplie^d by 
tr}'» Pul^jer circuit as building blocks. The outputs' of' the 

by count^.-r <irejuned by the EJ^ignal Composer to atiporvise 
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'J J?he composite sync and ^blanking signal's along with the 

trlock signal are sent to the Data Control circuit which performs 

tv70 functions: ' * .\ 

^1. The generaticwi of the timing and control signals 

• necessary for tj^e transfer, of digital data into tlfe 
transmitter. " ' - - - ' 

2. The assembly. of the data, the sync, and the blanking 
signals into ' a composite signal. * < "il 

The data t(t) ^be transmitter is assumed to be in the forjn' of 

84 bit words; At the st^rt of each line ^ data 'word is loaded ^ 

into the shift registered by 'the Data Transfer signal. At the 

conclusion of_the horizontal blanking- interval the data' is si-\ifte<J"N 

into tln^ Data^Con'trpl circuit by the shift (1.575 MHz) signals. 

tIy^^^ composite signal is then sent to standard television RF 

-modulators for t:ransmission over ^rstandard TV channels. ^ ' 

7.0 Receiver ' ' / : / 
— . - ; ^ 

''Two basvc functions are jSerformed by the data .^receiver , the-, 

^ ■ ^ n ' ' 

recovery "of ^tjie digital data\arfi^ the*-generatijOn of data ^ddresses. 

This latter f\inction IS necessary to facilitate separation of the 

(« ^^^^^ ^ 

data when it is transmitted in a time-divl'siph-jmultlplex mode 

and must be delivetred t6 multijjle des tj.nations . ^ . * .< 

A block diagram of the data receiver^ is *sh(j|^ in "Figure 8. 

An RF receiver similar to the front end of^^'a standard commercial. - 

television receiver is used to recovejc^^the composite video. 

signal -from the RF carrier. The composite 's ignal is delivered 

to tlie TV interface circuit v;here it is clamped and then separated 

t • ' 

into sync and video (data) , components . The vide^ccsfeignal 

is placed on the data bus while the sync s^ignal is sent to . the ' 

Sync f>etect6r circuit. ; \, V. ^ 



The Sync Detect© If circuit separates the vertical and hori-j 
zontal sync signals and supplies these signals to- the data addressing 
circuits . * - * ^ . ' 
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Data adresses are specified by 



a) a line adres^ dfesignat iog the line^on which a data bit . 
occurs and 

^ . b) .a time address specifying the time bin along that line 
which contains the data bit*^ ^ ^ " 

^ The line address is specified by the Line Counter which 
effectively counts horizontal syric pulses. The time ''adress i^s 
obtrained from the Time Counter which is" driven by a 1.575 MHz 
pscillator* This oscillator is phase locked to the horizontal- 
sync pulse and provides an accurate source for strobing th;e 4 
data bins along a line. ' ' 

The. data, after recovery from the data bus, 'is delivered 
tp a modem which converts the' data - into a frequency shift (FSK) 
signal for transmission to the terminal over voice grade lines • 

8.0 Receiver Synchronization 

^Successful recovelry of incoming data depend^ upon the 
synchronization of the addressing circuits wi^tfT^the incoming 
signal. The details of receiver sy ncjhrdnization are shown in 
Figure ^ ' ' ^>;' 

The horizontal sync signal is v\^ec?^by the add^res'sing cir- 
cuits through a^ 6 'jsec window.. This' window is initiated by the 
clr)ck time -90 (Tq^) f^rom the 1.575 MHz clock an4 terminated bv 
the trailing edge df the incoming horizontal sync piilse. Between 
Clock time 99 and 00 a Sample H pulse is generated by the Time 
Counter and is used to sample the horizontal sync signal» as seen 
through the window. During this Sample H interval the frequency 
of 1.575 MHz oscillator is adjusted such tha't the oscillator 
•remains 'phase locked to the trailing edge of the horizontal sync 
pulse. 'At "the ' conclusion of the horizontal syhc pulse a .Clear ^ 
pulse is generated wlaich sets the Time Counter to zero thus 
placing ; the counter in step" with the train of svnc pulses. 
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- (16) . ...... 

The Line Counter is not actually incremented by tlie horizontal 

sync pulse but instead by 'a pulse at clock^time 3 from the Time 

.Cotinter. Noise which may be present in the horizontal svnc .sign;al 

Lq thus ^r^'^ented from entering false counts into the Line Counter. 

It is "apparent, of couirse, that noise present on the sync signal 

' • ■ ^ ' . ■ ^ 

during the win'dow interval can still cause errbrs by generating 

erroneous Clear pulses. The window, however , is open on^ly 'for 

6 usee per line, an(3 ,the clearing if the Time Counter (generation ^ 

of the Clear^ pulse) is permitted , only for the first 12 horizontal 

sync pulses in a field plus the equalizing /intervaT (approximately 

3 lines) following the vertical sync signal, or approxifttat^ly 

' ^ -"-^ X lOa^'2% of the time . i 



262.5 63.5 262.5 

'Except for the vertical sync interval, the phase^^locking 
.operation occurs for every line in* a field. 

9.0 Performance / ? . • . ' ' 

Field tesctingn^of the prototype version^ of the equipment^ has 
b'^een conducted on a 180 mile long loop facility providdft by -the 
Illinois Bell Telephone Company. Data' haS been recorded at 
various times' of the day over a one month period during which 
approximately 80 hours of data have been accumulated. 

The 180 mile loop facility employs three methods of video ' 
transmissTlon that are presently being used to transmit video Tn ^ 
the AT&T system. * Information is transmitted as •'base-band" 
(JC to 8MHz) fronn the University of Illinois to the 111 inois Bell 
Office in Ch'ampaign (approximately :2 miles). 'From there the video 
is. transmittied via a microwave link to Springfield, Illinois -and 
b3^ck to Champaign for distribution over the' televisio/i facili>t;ies 
of the University of Illinois. The video is carried ron 'Chanrjel 5 " 
(70-82 MHz) on the University cable faci 1 it ies . Channel 5 w:a^ 
chjsen because it is between two channels, 4 and 6, preserttl^Vin 
una an thus proA/ides a worst icase noise condition. '*| * 



• . ■ o 

. (17) • . ' " _ 

Data was recorded us^ing an input signal level^ at the receiver 
of 0 dbmv. The test data was transmitted in the form of alter- 
nating "I's'* and "O's"/ At the receiver 4ach bit received not 
in' agreement with the transmitted bit - was*j recorded as an error. 
Most of the errors occure3 in burst of raijidom length. The results 
of the test are tabulated in Table 1. ^ o ^ 

' The success of this data transmission technique will depend 
on the ability^ to , detect an4 retansmit erroneous data. The .data 
fprmat presently used, see Figure 4 ^0 , ^permits a 1 bit* parity_^ 
checH to catch error bursts that are equal to or les^s than 12 
fiorizontal lines (1008 bitsj in length, Firom T*ble 1 it is 
noted that over 88% oi the error ^bursts satisfy the requirement. 

• i 

1.0 >0 . Summary ■ • * . ^, . 

The tecl>nique described here ;h^s been incorporated into the» 
PLATO IV com.municati^n 'hardware. The transmitter i^ contained 
in the PLATO IV Network Interface Unit shown ,in Figure 10. This 
uni,t perforiiis all of the functions necessary . for interfacing a ^ 
Control -Data Corporation 6400 .computer to CATV transmitting 
equipment. Also housed in this unit are the circuits for handing 
keyset information returning from all of the terminals in the 
system. ; (h more detailed description of the' Network Interface Unit 
may be foutid refeprence 2.) ■ 

The receiver is contained in the PLATO IV Site Controller 
shown is Figure 11. This linit contains, in addition to the receiver 
the multiplexing circuits and modems for servicing up to 32 
terminals. Also housed in this unit are tlie circuits for multi- 
plexing 'the keyset information from these terminals onto, a single 
voica grade phone line f or transmiss ion baclj:j^to the computer 
centjJ^ . (See reference 2 for m^re details concerning this unit). 
A block diagram illuGtrating tho u^e of the Site Controller i*^ a, 
typical PLATO TV si^e configuration is shown in Figure 12. 



CIS) 



Total Run 'Time 

'Total Bits. Transmitted 

Total Number of Error Bursts 

Average Time Between Bursts 

Bits Transmitte'd Between Bursts^- 

Shgrtest Observed Burst 

Longest Observed Burst 

1 ' 

Average Burst 'Length 

% of^'R-^rsts le^s than 1008 bits 

Bits transmitted per bit in error' 



78.35 hours 
11 

3.41 X, 10^^ 

85 - 

.92 hours 
9 

4 X '10 

;l bit . 

264, 009 bits 
1998 bits 
88.2% 
2.08 ^ 10^ 



1) Tl^e three longest bursts are excluded from thir. figure. 

. Including these 'bursts the average burst length w'asr 10, 732 . 
bits. * * • ' ; 

2) The- three longest, bursts were excluded from this figure/«^ 
If included this number becomes 3.74 x 10 bits ' traqjlsmiitted 
per bit in error. ' 



Table 1 . Test Results 
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FigurQ 12. PLATO IV "Site Configuration 



ERIC 



24 



Frpm computer center 




To other sites 



Voice Grade phone line 



Remotely 

located 

terminals 



To Computer center 



Voice Grade phone lines 



Fig«ire 13, 'nihgle 'l'C":.-mi.i.al .Sor-'Lce 



A rece^^ver unit identical to that^used in a Site Controil<?r 
may. also be used -to service individual remotely located termirjals. 
For. tKis type of service the receiver is placed at some conifeni^nt 
location^ along the'CATV cable. Voice grade telephone line-s. are ' ' 
'then ^sed to carry the data Recovered frpm the TV cjrArrier to the 
'terminals .a^-v. shown in 'Figure 13* 



Although the communications technique descr/bed ,here was' 
devgiloped to satisfy the requirements of a CAI ^iysten, it need 
nof be restricted to such iise. * Many other digital data distri-- 
bution .systems could successfully employ ±hi^ technique. - 

' • V . . ' ' ' 

' There are, at present, an' estimated 6 million subs^Sribers of* 
CATV service and the numb^^^is ekpec^^d to increja'ge dramaticall 



in the coming years. Millions of homes *will, then be already 

7 \ ^ ' 4- ■ * » ► ■ 

wirpd to receive^.ihformatioo from centralized data sourcesX The 
^:ommunicatJLon technique described here cOuld carry s'uch 'informa- 
•tion into thosa homes 6ver the ^ja^^rne path whtchanow carries only 
commercial TV signals. v ' - 
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